Introduction the capacity to invade basal membranes and the extracellular matrix (eCM) is a common feature of first-trimester trophoblast and malignant tumors. however, while tumor invasion is a pathological process characterized by imbalanced regulation of motility and proteolysis together with unlimited metastatic capacity, trophoblast invasion is a strictly controlled physiological event, restricted in time to the implantation window, and localized in space to the endometrium and the proximal third of the myometrium. the smallest disturbances in the precise control of trophoblast invasion may lead to pathological pregnancies [1, 2] .
Invasion is a multistep process, involving detachment of primary cells, degradation of basal membranes and extracellular matrix (eCM) components, and migration through the eroded stromal tissue. Degradation of eCM is initiated by proteolytic enzymes, e.g., matrix metalloproteinases (MMPs). a variety of extracellular stimuli, including cytokines, growth factors, and cell-eCM interactions regulates the transcription of MMP genes via diverse pathways, e.g., Stat3, akt, and MaPK cascades [3] .
Previously, we reported that progesterone-induced blocking factor (PIBF) is secreted by maternal lymphocytes and mediates the immunological effects of progesterone during pregnancy [4, 5] . PIBF inhibits natural killer (NK) cell activity and enhances th2-type cytokine production via the JaK1/Stat6 and PKC/Ca++ pathways [6, 7] , thus supporting the maintenance of pregnancy.
Progesterone plays a crucial role during implantation via governing trophoblast invasion [8, 9] . Within the firsttrimester decidua, the expression pattern of PIBF coincides with sites of trophoblast invasion and the most intense PIBF staining appears at the extravillous trophoblast [10] . early detection of PIBF may be related to premature trophoblast invasion possibly into an endometrium not yet prepared for the trophoblast and might lead to early immune rejection of the fetus [11] .
It was recently shown that PIBF is up-regulated in undifferentiated proliferating cells (e.g., trophoblast cells) as well as in a set of malignancies [10] [11] [12] [13] [14] . Several breast cancers over-express PIBF compared to normal breast tissues [12] ; moreover, MCF-7 breast carcinoma cells produce PIBF independently of progesterone [12] . the PIBF1 gene is located on the chromosomal region 13q21-q22, which has been implicated as a common site for somatic deletions in a variety of malignant tumors [15] . Moreover, the full-length form of PIBF is associated with the centrosome [12] as a component of the pericentriolar satellites [16] , which are involved in cell cycle regulation. Furthermore, PIBF might facilitate tumor growth by suppressing local antitumor immune responses [17] .
Based on these data, we aimed to investigate the possible involvement of PIBF in trophoblast and tumor invasion in different cell lines. Neither of the available trophoblast cell lines [18] represent the physiological conditions since these are either choriocarcinoma-derived (e.g., JeG-3, BeWo, JaR) or immortalized by transformation of human extravillous trophoblast cells with the SV40 large t antigen (e.g., htR-8/SVneo, SGhPL-4, hIPeC65). For studying differences between trophoblast and tumor invasion, we selected the transformed htR-8/SVneo cell line. htR-8/SVneo possesses progenitor-like characteristics [19] . Recent data have demonstrated differences in gene expression profiles of integrins, proteases, hormones, and growth factors between trophoblast cell lines, primary cytotrophoblast and extravillous trophoblast cells; furthermore, neither of the cell lines showed a close similarity to the primary trophoblast [20] . therefore, we used freshly isolated primary trophoblast cells to confirm our findings in htR-8/SVneo.
here, we report a novel role of PIBF in invasion-regulation. We demonstrate for the first time that PIBF is able to directly regulate gene expression; we show that PIBF can bind the promoter region of IL-6, EGF, and HB-EGF and induce or suppress transcription of these genes in certain tumor and trophoblast cells, respectively. the newly induced proteins in tumor cells activate signaling pathways that might be connected to altered MMP-9 and MMP-2 activity. We show that PIBF inhibits trophoblast invasiveness by down-regulating MMP-2 and MMP-9 activity while facilitating tumor invasion by inducing MMP-2 and MMP-9 genes, in an indirect manner.
Materials and methods

Cells and treatments
the immortalized human first-trimester extravillous trophoblast cell line htR-8/SVneo was cultured in RPMI (Invitrogen Life technologies, Carlsbad, Ca, USa) supplemented with 10 % fetal bovine serum (FBS). the ht-1080 fibrosarcoma, hCt-116 colorectal carcinoma, a549 lung carcinoma, and PC-3 prostate cancer cell lines were maintained in DMeM (Invitrogen Life technologies, Carlsbad, Ca, USa) supplemented with 10 % FBS.
Primary trophoblast cells were isolated from first-trimester human elective abortion material according to a method described earlier [21] . Informed consent was obtained from all participants. experiments were performed in accordance with the ethical guidelines of the Declaration of helsinki. approval from the Regional ethical Committee at University of Pécs, Medical School was obtained.
after starving overnight, 6 × 10 5 cells were incubated at 37 °C for 5, 20, 60 min, 6 or 24 h with medium as a control or with recombinant human PIBF at a concentration of 100 ng/ml. the recombinant human PIBF was produced in our laboratory as described earlier [22] .
RNa interference
Oligonucleotides were pre-designed by ambion (austin, tX, USa) to interfere with PIBF, IL-4Rα, or hB-eGF mRNa. Diluted oligonucleotides were pre-incubated with Oligofectamine (Invitrogen Life technologies, Carlsbad, Ca, USa) for 20 min at room temperature then the mixtures were added dropwise to 3 × 10 5 cells in OptiMeM (Invitrogen Life technologies, Carlsbad, Ca, USa). after 4 h at 37 °C, DMeM with 30 % FCS was added to the cultures. Cells were lysed after 24, 48, or 72 h for Westernblot analyses.
Invasion assay
Oris Cell Invasion and Detection assay (Platypus technologies, Madison, WI, USa) was performed according to the manufacturer's instructions. Briefly; basement membrane extract (BMe, 3 mg/ml) was applied on 96-well plates and the latter populated with Cell Seeding Stoppers to restrict cell seeding to the outer annular regions of the wells. then wells were seeded with 75,000 cells. after 24 h, stoppers were removed, resulting in a 2-mmdiameter un-seeded region in the center of each well (i.e., the detection zone), and cells were overlaid with 12 mg/ ml BMe containing 15 % FBS. after 72 h, cells were labeled with calcein aM and the detection zone was analyzed using multiarea scan by an Olympus FluoView FV-1000 confocal microscope. Cell invasion was assessed by measuring the area of the detection zone in the scrambled and knock-down images using ImageJ analysis software. Invasion was determined by area closure, which was calculated as follows: invaded area of detection zone/full area of detection zone ×100. Fish were kept at 28 °C in aquaria with day/night light cycles. embryos were obtained using standard mating conditions. the developing embryos were kept in an incubator at constant temperatures.
Cells were stained with CM-Dil (Vybrant; Invitrogen Life technologies, Carlsbad, Ca, USa) as described elsewhere [23] and resuspended in PBS at a concentration of 10 6 cells per 50 μl and kept on ice before microinjection. Forty-eight hours post-fertilization, zebrafish embryos were dechorionated and anesthetized with tricaine (Sigmaaldrich, Steinheim, Germany). approximately 100 cells were injected into the yolk sac of the embryos using an eppendorf FemtoJet microinjector equipped with a glass capillary (1 μm inner diameter). the approximate injection parameters were injection pressure = 140 kPa, holding pressure = 25 kPa, injection time = 0.8 s. after injection, embryos were incubated for 1 h at 31 °C and checked for cell presence at 2-h post-transplantation. Fish with fluorescent cells outside the implantation area were excluded from further analysis. all other fish were incubated at 33 °C for 5 days. Disseminations of cells were monitored by an Olympus FluoView FV-1000 confocal microscope. Cell invasion within the zebrafish embryos was analyzed by using ImageJ software. the area of disseminated cells and area of cells remaining in the yolk sac was measured and invasion index was calculated as follows: area of disseminated cells/(area of disseminated cells + area of nondisseminated cells) × 100.
Substrate zymography
Cell-conditioned media from the invasion assay were subjected to electrophoresis under non-reducing conditions in a 7.5 % SDS/polyacrylamide gel containing 1 mg/ml gelatin. after electrophoresis, gels were re-natured and stained as described earlier [24] . Semi-quantification of bands was performed by densitometry using ImageJ software.
Protein arrays
Cell lysates of PIBF-treated and PIBF-knock down htR-8/SVneo and ht-1080 cells were analyzed by proteome profiler antibody array (human angiogenesis array Kit, R and D Systems, Minneapolis, MN, USa) according to the manufacturer's instructions. array data on developed X-ray film were quantitated with ImageJ software.
Western blotting
Cell lysates were separated on 10 % SDS-PaGe and transferred to nitrocellulose membrane at 54 ma overnight. Membranes were blocked with tBS-tween (ph 7.4) containing 5 % non-fat dried milk for an hour and incubated with rabbit polyclonal anti-human PIBF [19] , rabbit polyclonal phospho-specific (tyr-641) anti-human Stat6, or rabbit polyclonal phospho-specific (Ser473) anti-human akt antibodies (all from Santa Cruz Biotechnology Inc., Santa Cruz, Ca, USa) in tBS-tween with 3 % non-fat dried milk for an hour at room temperature, rabbit anti-human phospho-Stat3 (tyr705), rabbit antihuman phospho-Stat3 (Ser727) or rabbit anti-human phospho-p44/42 MaPK (thr202/tyr204) (all from Cell Signaling technology Inc., Danvers, Ma, USa) antibodies in tBS-tween with 5 % BSa overnight at 4 °C or as control with rabbit anti-human β-actin (Sigma-aldrich, Steinheim, Germany) in tBS-tween with 3 % non-fat dried milk for an hour. after washing, bound antibodies were detected with 1:2,000 diluted horseradish peroxidase-conjugated anti-rabbit IgG (Dako, Glostrup, Denmark), followed by development with eCL reagents (Perkin elmer Life Sciences, Waltham, Ma, USa). Semiquantification of the bands was performed by densitometry using ImageJ software.
Cytometric bead arrays IL-6 concentrations were determined from the supernatants of PIBF knock-down htR-8/SVneo and ht-1080 cells by cytometric bead array (CBa; BD Biosciences, San Diego, Ca, USa) according to the manufacturer's instructions.
Quantitative real-time polymerase chain reaction (qRt-PCR) htR-8/SVneo and ht-1080 cells were seeded on six-well plates. after silencing of PIBF, total RNa was isolated using RNeasy Mini kit (Qiagen). One microgram of total RNa was reverse-transcribed to cDNa using SuperScript II Reverse transcriptase (Invitrogen, Carlsbad, Ca, USa). Quantitative gene expression was performed for MMP-9 (hs00234579_m1), tIMP-1 (hs00171558_m1) and betaactin (hs99999903_m1) in a total volume of 20 μl using taqMan gene expression assays (applied Biosystems, Carlsbad, Ca, USa) according to the manufacturer's instructions. all PCRs were carried out in triplicate. Relative expression levels were calculated using the ΔΔCt method [25] after normalization to β-actin as endogenous control.
Confocal microscopy
Cells were plated on poly-l-lysine-coated slides, then fixed and permeabilized with acetone. after blocking, cells were incubated with anti-PIBF (1:100) for 1 h at room temperature, following incubation with Cy3-conjugated anti-rabbit-Ig (1:200) (Invitrogen Life technologies, Carlsbad, Ca, USa). Nuclei were stained by hoechst 33258 (Sigma-aldrich, Steinheim, Germany) then cells were mounted with DaBCO (Sigma-aldrich, Steinheim, Germany) and slides were closed by nail polish. Microscopic analysis was performed with an Olympus FluoView FV-1000 confocal microscope with 60× oil immersion objective. Images were analyzed using the Olympus FluoView 1.7 software.
Chromatin immunoprecipitation (ChIP)
Chromatin immunoprecipitation was performed according to a method described elsewhere [26] . Protein/DNa complexes were immunoprecipitated using rabbit polyclonal anti-PIBF antibodies. DNa was recovered using Qiagen PCR Purification Kit (Qiagen). PCR was performed with primers to the promoter regions of EGF (5′-aGCGaGttatCtCCtCtttGGCaGt-3′ and 5′-aC aGaGCaaGGCaaaGGCttaGaGa-3′), IL-6 (5′-Cata atCCCaGGCttGGGGG-3′ and 5′-GGtCGtCattGaG GCtaGCG-3′), PlGF (5′-GtCtGGaCCtGCCGaGaG-3′ and 5′-aGGttCCCGaGCCGaGtt-3′) and HB-EGF (5′-tCCaGaaGaCCCCtGCaaaa-3′ and 5′-tCCCaGG CttCtGaGattGG-3′). PCR products were separated on 1.5 % agarose gels and visualized with ethidium bromide staining.
Statistical analysis
Statistical analysis was performed using Student's t test. Data were presented as mean ± SeM and p values of ≤0.05 were considered as statistically significant.
Results
PIBF regulates invasiveness of trophoblast and tumor cells
the invasive potential of PIBF-silenced trophoblast (htR-8/SVneo and primary first-trimester human trophoblast) and tumor cells (ht-1080, hCt-116, a549, PC-3) was investigated. Quantitative analyses indicated that silencing of PIBF markedly increased the invasiveness of both htR8/SVneo and primary first-trimester trophoblast cells (Fig. 1a, c) , while the same treatment significantly decreased the invasive behavior of the tumor cell lines (Fig. 1b, c) .
We selected the ht-1080 fibrosarcoma cell line to model tumor invasion. Since PIBF affected the invasive behavior of the immortalized htR-8/SVneo cells and primary trophoblast cells in the same manner, we used the htR-8/SVneo trophoblast cells to further study the underlying molecular mechanisms.
Invasion of PIBF-silenced trophoblast and tumor-cell xenografts in zebrafish embryos
Zebrafish is a favored in vivo platform for studying tumor development and progression because in the immunologically immature, transparent embryos human xenografts are not rejected and dissemination of cancer cells can be easily monitored in real time [27] .
to confirm the differential role of PIBF in trophoblast and tumor invasion, fluorescent labeled, PIBFsilenced trophoblast or tumor cells were microinjected into the yolk sac of 2-day-old Tg(fli1:EGFP) transgenic zebrafish embryos, exhibiting a green fluorescent vasculature; and their invasiveness was monitored by confocal microscopy. the survival rates of the embryos were between 75 and 95 % (table 1). Both cell types invaded embryonic tissue, entered circulation, and disseminated via the vessels within the embryos, from the yolk sac towards the tail (Fig. 2) . When PIBFsilenced htR-8/SVneo cells were transplanted, more cells were disseminated within the zebrafish embryos (invasion index 46.29 %) compared to the embryos injected with the control htR-8/SVneo cells (invasion index 20.81 %) ( Fig. 2a; table 1 
PIBF affects invasion of trophoblast and tumor cells by modulating MMP-2 and MMP-9 activity
Matrix metalloproteinases (MMPs) and their inhibitors (tIMPs) are the key mediators of both trophoblast and tumor invasion. MMP-9 and MMP-2, named gelatinases, cleave type IV collagen, the main component of basal lamina [28, 29] . therefore, we measured MMP-2 and MMP-9 activity in cell-conditioned media from the invasion assay by substrate zymography. Silencing of PIBF resulted in increased gelatinase activity in htR-8/SVneo cells, while PIBF knockdown ht-1080 cells showed reduced MMP-2 and MMP-9 activity (Fig. 3a, b) . In line with this, after 24 h, PIBF treatment MMP-9 expression increased in ht-1080 cells and decreased in htR-8/SVneo cells, whereas tIMP-1-an inhibitor of MMP-9-was down-regulated in tumor and up-regulated in trophoblast cells (protein array, Fig. 3c ). We also analyzed the mRNa expression of MMP-9 and tIMP-1 in htR-8/SVneo and ht-1080 cells after silencing of PIBF for 48 h by real-time qPCR. MMP-9 mRNa was up-regulated in PIBF-silenced htR-8/SVneo cells and down-regulated in ht-1080 cells, whereas tIMP-1 mRNa was down-regulated in htR-8/SVneo and up-regulated in ht-1080 cells (Fig. 3d) .
PIBF-induced signaling pathways in trophoblast and tumor cells
In order to reveal the underlying mechanisms, we investigated the PIBF-induced signaling pathways in htR-8/SVneo trophoblast and ht-1080 tumor cells.
earlier we showed that the PIBF receptor is a GPIanchored protein which upon ligation forms a temporary association with the alpha chain of IL-4 receptor [7] and activates Stat6 in peripheral lymphocytes. therefore, we investigated the involvement of IL-4Rα in PIBF-regulated invasion. PIBF-induced Stat6 phosphorylation (Fig. 4a) and silencing of IL-4Rα by siRNa abrogated the effect of PIBF on invasion in both cell lines (Fig. 4b, c) , suggesting that IL-4Rα is involved in the PIBF-induced invasionrelated mechanism. therefore, we focused on IL-4Rα-associated signaling pathways.
Insulin receptor substrate (IRS), associated with IL-4Rα, can activate the PI-3 K/akt pathway and the MaPK cascade [30, 31] , that have been implicated in invasion and tumorigenesis. In trophoblast cells, PIBF treatment resulted in fast, transient phosphorylation of akt and eRK, whereas in the tumor cell line, PIBF treatment induced sustained activation of these molecules (Fig. 5a, b) . Since the Stat3 pathway is important in invasion signaling [32] [33] [34] [35] , we also tested the effect of PIBF treatment on Stat3 activation in the trophoblast and tumor cells. In htR-8/SVneo cells, 6-and 24-h PIBF treatment inhibited activation of Stat3; while in ht-1080 cells, PIBF treatment resulted in late Stat3 Ser727-and tyr705-phosphorylation, suggesting an indirect role of PIBF in Stat3 activation (Fig. 5a, b) .
PIBF-induced proteins are responsible for late signaling events the late signaling events may be attributed to indirect effects of PIBF.
IL-6 activates Stat3 [36] [37] [38] , therefore, we measured secreted IL-6 levels in the supernatants of control and PIBF knock down htR-8/SVneo and ht-1080 cells by cytometric bead array. IL-6 production of PIBF-silenced trophoblast cells increased, whereas that of PIBF knock down tumor cells was reduced after 48 h (Fig. 6a) . Levels of secreted IL-6 in htR-8/SVneo cells increased from 118.54 ± 20.06 to 200.03 ± 21.56 ng/ml after silencing of PIBF. Levels of secreted IL-6 in ht-1080 cells decreased from 288.99 ± 35.7 to 179.22 ± 15.87 ng/ml after PIBF knock-down.
to further identify PIBF-regulated molecules, protein array-detecting invasion and angiogenesis-related proteins was performed on lysates of PIBF knock down and on those of 24-h PIBF-treated ht-1080 cells (Fig. 6b, c) . PIBF treatment resulted in increased eGF and hB-eGF expression of the tumor cell line (Fig. 6b) . Silencing of PIBF reduced the expression of eGF and hB-eGF in ht-1080 (Fig. 6c) . either of these might account for the late PIBF-induced signaling events. to confirm that late Stat3 activation observed in the tumor cells was indeed due to gene induction, we tested the effect of PIBF treatment on Stat3 phosphorylation in hBeGF knock-down ht-1080 cells. In hB-eGF-silenced tumor cells, the Stat3-activating effect of PIBF was decreased in contrast to the PIBF-treated control (scrambled), suggesting that PIBF-induced hB-eGF might contribute to late Stat3 activation in the tumor cells (Fig. 6d, e) .
PIBF binds to the promoter of IL-6, EGF, and HB-EGF
the full-length PIBF contains leucine zippers, basic leucine zipper (bZIP) domain, and nuclear localization signals (NLS), which enable the molecule to bind DNa and modulate the transcription of genes [19] . to confirm that PIBF enters the nucleus, we visualized the subcellular localization of PIBF by confocal microscopy (Fig. 7a) . PIBF is present in the cytoplasm and nuclei of both htR-8/SVneo and ht-1080 cells.
to confirm that PIBF is capable of regulating the transcription of IL-6, HB-EGF, and EGF, chromatin immunoprecipitation (ChIP) was performed with anti-PIBF antibody. this revealed that PIBF has the capacity to bind the promoter of IL-6, HB-EGF, and EGF in trophoblast and tumor cells (Fig. 7b) . however, the protein content of the protein/ DNa complex immunoprecipitated by anti-PIBF antibody differed in htR-8/SVneo and ht-1080 cells (Fig. 7c) ; in trophoblast cells, the complex contained the 50-and 67-kDa PIBF isoforms while in tumor cells the full-length PIBF was also included in the DNa-binding complex. 
Discussion
Both trophoblast and malignant tumors are invasive, and share the same underlying signaling pathways (i.e., PI-3 K/akt, MaPK, FaK, ROCK, Stat3) and mediators (i.e., MMPs and tIMPs) [39] . however, in contrast to the unlimited invasive capacity of tumors, trophoblast invasion is under strict spatiotemporal control. We aimed to identify differences between regulatory mechanisms of invasion in tumor cells and trophoblast cells. Our data indicate that PIBF activates or inhibits the transcription of invasionrelated genes, in a tissue-specific manner. PIBF-mediated regulation of invasiveness was initiated through the IL-4Rα/PIBF-receptor complex. Silencing of IL-4Rα affected invasion of trophoblast and tumor cells in a manner similar to PIBF deficiency. earlier data from our laboratory suggest that PIBF inhibits trophoblast invasion by down-regulating invasion-promoting genes, e.g., leptin [40] . Furthermore, akt and eRK, which were rapidly but transiently phosphorylated in PIBF-treated trophoblast, are both involved in promoting (rather than inhibiting) invasion. therefore, though the involvement of IL-4Rα is crucial, IL-4-dependent signaling is unlikely to account for PIBF-induced down-regulation of invasive genes. We hypothesize that the role of the IL-4Rα/PIBF complex would be rather to internalize [41] and allow PIBF to enter the nucleus and initiate transcription. the PIBF-induced proteins would be responsible for late signaling events, i.e., inhibition of Stat3 in trophoblast cells and induction of late akt, eRK, and Stat3 phosphorylation in tumor cells.
Various cytokines and growth factors, e.g., eGF, IL-6 signal through the PI-3 K/akt, JaK/Stat, and MaPK, etc., pathways. these pathways are frequently altered in different cancers and promote tumor cell invasion by inducing cell motility and altering MMP expression [34, 35, 42, 43] . Moreover, these pathways are continuously active in many transformed cells since they continuously produce both growth factors and their receptors, thereby providing an auto-stimulatory growth impulse [44, 45] . among other proteins, IL-6, eGF, and hB-eGF were differentially regulated by PIBF in trophoblast and tumor cells.
eGF is expressed by both decidual and trophoblast cells, and induces differentiation, invasion, and proliferation of the latter. Qiu et al. [46] reported that eGF increases MMP-9 through the PI-3 K/akt and MaPK pathways in htR-8/SVneo cells. In JeG-3, eGF induces the expression of MMP-9 through the activation of p38MaPK and eRK signaling pathways [47] . haslinger et al. [48] demonstrated that in SGhPL-5 trophoblast cells, PI-3 K/akt signaling is required for trophoblast migration involving the downstream effector mtORC1. the JaK/Stat system is associated with mtOR signaling; mtORC1 mediates human trophoblast proliferation and invasion through regulation of matrix remodeling enzymes (e.g., MMP-2,-9, uPa, PaI-1) and requires Stat3 Ser-phosphorylation [49] . Based on the above-mentioned data, it is plausible that PIBF, via downregulating eGF, negatively regulates trophoblast invasion. Inhibited Stat3 phosphorylation after PIBF treatment (6, 24 h) might be the result of suppressed eGF thus aUthOR: Sentence not clear in meaning; please revise accordingly.-->inhibited PI-3 K/akt/mtOR pathway that might lead to decreased expression of MMP-2 and MMP-9.
In ht-1080 fibrosarcoma cells, eGF induces the expression of MMP-9 through a Src-dependent mechanism [50] . In line with this, PIBF induced eGF in ht-1080 cells might contribute to increased expression of MMP-9 and increased invasiveness (Fig. 8) .
hB-eGF is another member of the eGF family [51] that, based on our data, is regulated by PIBF. hB-eGF has a prominent role during the peri-implantation period [52] . hB-eGF promotes differentiation of trophoblast cells to an invasive phenotype by inducing integrin switching [53] , thus required for successful invasion. hB-eGF is downregulated in pre-eclampsia, a disorder associated with shallow trophoblast invasion [53] . the membrane-anchored pro-hB-eGF is cleaved by metalloproteinases in order to release the soluble form of hB-eGF [54] . hB-eGF provokes differentiation of trophoblast cells to an invasive phenotype through coordinate activation of PI-3 K/akt, eRK, MaPK14, and JNK pathways [55] . By downregulating hB-eGF in the trophoblast, PIBF might control physiologic trophoblast invasion.
hB-eGF expression is also altered in different cancer types (e.g., breast, colon, prostate, ovarian etc.,) [56] . hBeGF binding to eGFR/erbB1 activates downstream signaling that converges on PI-3 K/akt and eRK cascades to promote survival and proliferation [56] . thus, we hypothesize that PIBF-induced hB-eGF might contribute to elevated akt and eRK levels found after 6-and 24-h PIBF treatments in ht-1080 cells.
In our hands, the Stat3-activating effect of PIBF was reduced in hB-eGF knock-down ht-1080 cells, suggesting that, at least in part, hB-eGF was responsible for late Stat3 activation. Stat3 promotes proliferation, cell growth, invasion, and metastasis formation and inhibits apoptosis in tumor cells [34, 35, 38] .
the secretion of IL-6: another activator of Stat3 signaling was induced by PIBF in the tumor and inhibited in trophoblast cells. In primary extravillous trophoblast cells, IL-6 phosphorylates Stat3 [57] , which contributes to invasiveness in this cell type [58] . therefore, PIBF induced IL-6 might be responsible for late akt, eRK, and Stat3 phosphorylation in PIBF-treated tumor cells, while the lack of Stat3 activation in the trophoblast might be attributed to the inhibitory effect of PIBF on IL-6 production.
We recently showed that PIBF expression in the trophoblast is inversely related to invasiveness, as well as to leptin and leptin receptor expression [40] , suggesting that by suppressing invasion-related genes, PIBF might act as an intrinsic negative regulator of trophoblast invasion. In choriocarcinoma, the loss of PIBF results in increased invasive behavior [40] since the pro-invasive genes that are normally suppressed by PIBF will be transcribed.
Our data allow the conclusion that PIBF facilitates invasion in tumor cells by activating genes of molecules, e.g., EGF that initiate invasion signaling (Fig. 8) . the secreted proteins combine with their receptors and activate signaling pathways, which in turn, might further trigger the expression of invasion-promoting molecules, e.g., MMP-9 and MMP2.
We provided evidence that PIBF binds the promoter of IL-6, EGF, and HB-EGF genes; however, in tumor cells, the protein/DNa complex includes the full-length PIBF, in addition to the 50-and 67-kDa PIBF isoforms found in the trophoblast. thus, we hypothesize that the different composition of the DNa-binding PIBF complex might explain the differential regulation of trophoblast and tumor invasion by PIBF.
Based on these data, PIBF might serve as a potential therapeutic target to control tumor invasion.
